Abstract: Adaptive management is reviewed as a paradigm that addresses a widely perceived need to give more prominence to ecological imperatives. Its contribution to the management of complex problem situations is addressed with reference to the facilitation of social learning and the creation of institutions. The roles of simulation modelling are considered as an example, and ways to overcome social dilemmas are highlighted. Recent critical reflection on experience is offered with a deeper exploration of learning processes in AM. Integrated pest management provides an illustrative exa mple of AM within the agricultural domain.
Introduction
Adaptive management (AM) is short-hand for a paradigm that satisfies a widely perceived need to give more prominence to ecological imperatives, at a time when economics provides the dominant model for the design of the future. The term AM was coined in 1978 by an inter-disciplinary team of biologists and systems analysts under the leadership of the Canadian ecologist Clarence Holling [1] . Adaptive management is a guiding principle for the interface between society and the biosphere:
"The release of human opportunity requires flexible, diverse and redundant regulation, monitoring that leads to corrective action, and experimental probing of the continually changing reality of the external world" [2] The formulation of AM was based on detailed studies of complex ecosystems such as the Florida Everglades, the Columbia River, the New Brunswick spruce forests, the Baltic Sea and others in which humans play a dominating role. Gunderson and others presented this work powerfully in 1995 [3] , Holling and Sanderson in 1996 [4] , Walters in 1986 [5] and Birkes and Folke in 1998 [6] . AM has become a dominant paradigm informing 'real' attempts to manage ecosystems in a sustainable manner. This important position is increasingly motivating critical reflection on AM (see for example Roe [7] ).
AM has been gaining ground in response to a widely perceived sense of societal crisis. This perception is essentially concerned with the relations between people and their physical and biological environment, and the ways in which those relations are changing the function and capacity of the ecological processes on which human existence depends. The nature of change is seen as generating fundamentally new kinds of irreducible uncertainty. The conventional tools of risk assessment, planning and design, and the methodological and explanatory reductionism of conventional science are held to constitute an incomplete, inadequate, and an inappropriate toolbox for the construction of the future in situations in which surprise becomes increasingly determinant of outcome.
Various authors have described this crisis. Funtowicz and Ravetz [8] speak of 'post-normal science' now that we are faced with great uncertainty with respect to issues for which the stakes are high. Post-normal science goes beyond 'normal' (in the Kuhnian sense) problem solving science and beyond consultancy. It represents widespread involvement in, if not a total democratization of, science. It is, therefore, built by 'extended peers' and includes such 'extended facts' as what people believe about an issue.
Beck [9] has called ours a 'risk society' which requires reflexive modernization, i.e. deliberate self-reflection about the future we are designing. Such deliberate social construction of the future seems the only way forward now that science is widely seen to have become part of the problem.
Lubchenco [10] identifies the 'eco-challenge' as the basis for a new social contract for science. The eco-challenge has been created by people, as a major force of nature. Human survival depends on human understanding of the impact of human activity on the biosphere and on concomitant adaptation of human activity on the basis of this understanding. For Lubchenco, science is not part of the problem but very much a source of solutions.
In his review of the state of the art of the life sciences, Capra [11] shows how human life is inextricably part of an evolving complex web of life that sets the conditions upon which continued human survival is predicated. 'A major clash between economics and ecology derives from the fact that nature is cyclical, whereas our industrial systems are linear… the market gives the wrong information' [11, p.291] .
It is in this context that AM has come to the fore. It is an approach to the management of complex systems based on incremental, experiential learning and decision making, buttressed by active monitoring of and feedback from the effects and outcomes of decisions. It is thought to offer three important benefits. One is that it might avert crises in conditions of uncertainty and surprise by increasing societal capacity to 'roll with the punches'. A second is that it offers a social steering instrument complementary to market, fiscal, regulatory and normative measures that strengthens broad scale, multistakeholder engagement in the evolution of more sustainable relations between people and their environment. Thirdly, it offers a way in which universalized abstractions of science, and the technologies which flow from science, can be re-coupled with laypersons' knowledge of reality-in-context, and with the values and meanings which inspire and motivate people at local levels of interaction.
Through AM, the lesson is being learned, or perhaps relearned, that consequential actions are always and necessarily specific, and embedded in the historical causalities of particular contexts. AM translates essential ecological understanding based on extended studies of complex ecological systems into localized implications for human society, and more specifically for human (social) learning and institutional change in a context. It is this promise that gives AM its policy impact and influence.
This article analyses basic ideas behind AM, reviews the credibility of its promise and applies AM to the field of agriculture.
AM's promise: the management of complexity
AM addresses the management of complex systems. Complexity is seen as arising in open, non-linear systems. While basic understanding of complexity is increasing, it would appear by definition impossible to build a body of scientific knowledge that allows prediction and control. We can map and model single, or even multiple relationships, but not a total set of evolving interactions [12] . Secondly, complexity refers to emergence, i.e. the fact that relatively simple events at the micro-level may lead to the emergence of complex phenomena at the macro-level. In other words, properties emerge at system levels that cannot be predicted by knowledge of lower level components and their interaction [13] . The focus of attention shifts from the components and their relationships, to structural dynamics.
Unfortunately, human beings do not seem to be very good at making decisions that produce desired effects in complex problem situations. Their tendency demonstrably is to isolate and treat specific aspects (components) of a problem, and to become hooked into commitments to particular courses of action which typically 'solve' local or partial dilemmas while making systemic and long-term outcomes more problematic. Dörner has called this 'the logic of failure' [14] .
AM offers an umbrella under which new approaches to dealing with complexity can be profiled and related to each other. We shall focus on two: social learning and institutions.
Social learning
Recognized as a key ingredient of AM [15] , social learning is usually seen as learning by a collective. That is, groups, communities, or organizations can collectively learn on the basis of shared perception of problems, their causes and solutions, and agreement on goals, to take concerted action. As part of a complex evolving system, human communities that rely only on bodies of tradition or inherited knowledge are vulnerable to surprise. Many studies in fact show societies to be capable of rapid social learning, that is, of evolving new knowledge ('effective action in the domain of existence' [16] ), even if that means thr•wing overboard cherished traditions. However, studies of societies that have collapsed show that people are also perfectly capable of persisting in entrenched ways long after environmental feedback had shown these to be no longer sustainable [17, 18] . One of the risk factors is the role of élites who use their access to resources, power and privileges to maintain lifestyles long after the imprudence of doing so has become evident. In this respect, George Bush's remark at UNCED 1992 that 'the American lifestyle is not negotiable' is a reminder that such mechanisms are also operative today.
Given the importance of breaking through entrenched ways, and the desirability of optimizing ways in which societies are sensitive and responsive to environmental feedback, it is small wonder that social learning, and the facilitating of learning, have become hot topics of research, for example Maarleveld [19] . Of particular interest are the factors involved in turning around the reliance on the free market as the best model for society, since the market fails in bringing about adaptive management of natural resources and ecological services [20] .
The facilitation of social learning within the framework of AM typically emphasizes two approaches. One is the development by system stakeholders of 'visions' or pictures of future states, which they consider desirable [21] . The visioning process can be both formal, relying on high tech simulation of future scenarios derived from objective data (see for example Gilbert and Troitzech [22] ), and informal, incorporating values and frameworks of meaning. A variety of back-casting techniques then allows, within transparent procedural processes, the sketching of the steps necessary to shift the system t••ard a desired future state.
The second approach to facilitation of social learning, and one which has become a core of AM, is the interactive use of simulation models of such complex systems as the Everglades [23] , the Upper Mississippi Catchment [24] , or the Balinese water temples [25] . These models are used with groups of decision-makers and stakeholders in the complex ecosystem as a basis for understanding those systems and for taking decisions to regenerate them. Interactive simulation modelling seems exceptionally promising for social learning of complexity management, and is going through very rapid development, but so far no clear results have been achieved (see also Section 3). In addition to conventional simulation models based on differential equations built around objective values and coefficients, multi-agent simulation (MAS) is rapidly emerging because it allows model situations in which the outcomes are determined by the interaction of autonomous cognitive agents such as human stakeholders [22, 26, 27] . MAS is in a very early stage of development and so far only few efforts have been made to use it interactively.
Institutions
Institutions are another complex of ideas that are explored under the umbrella of AM. This exploration emphasizes the role of institutions as the mechanism that couples people to their environment. This institutional strand has received considerable publicity, largely through the work of Elinor Ostrom [28] [29] [30] [31] and of Fikrit Birkes and Carl Folke [32] .
They have taken two somewhat different although strongly complementary paths. Ostrom and her group of international researchers have examined in great detail common pool resources, and the principles of common property resource management. They have complemented their field studies with laboratory experiments, based on Game Theory, to elucidate further the conditions and principles identified in field studies. This work addresses the pervasive issue of social dilemmas, for example the tendency for people to continue to destroy their environment because they expect others to do so too and are reluctant to change their ways unless reciprocity can be depended upon. Ostrom and her colleagues address this issue by analysing the institutional conditions under which such selfish choices can be turned around into situations in which people feel they can afford to make cooperative choices and engage in concerted action. Uphoff describes how facilitation of institutional development in an irrigation project could lead to such a turn-around [33] . The results of such studies are providing deep insight and clarity at the principle level; however it is not as yet clear how useful these will prove to be as guidelines for action and institutional design elsewhere, since one of the clear lessons is that history and context matter. The specific ways in which principles are mixed and operationalized lead to great diversity, not to simple transferable models. Antecedents and environment are causative; the dynamic is evolutionary and not designable (in any blueprint fashion at least).
Birkes and Folke and their colleagues have explored the achieved and potential role of institutions in matching socio-economic dynamics more closely to ecological dynamics, taking Holling's 'lazy eight' description of system states (exploitation, conservation, release and reorganization [2, p.22]) as one of their starting points. Their work offers the potential for guided institutional reform and evolution coupled to greater sensitivity to ecological process. One of their key questions is the extent to which institutional diversity confers resilience and, if so, at which system level(s). Another is the extent to which it is possible, or even desirable in the cause of conserving ecological resilience, to articulate institutional relations across different temporal and spatial scales in ways that match the varying cycles of ecological dynamics.
Researchers working on the institutional aspects of AM have been particularly influential in the USA, where largescale AM, for example with respect to the Everglades [23] , the Columbia River [1] , or the Upper Catchment of the Mississippi River [24] has produced important lessons (see further Section 3).
International bodies of evolving practice, such as watershed management, nature conservation, community forestry, Landcare, and integrated pest management (IPM), with their emphasis on stakeholder learning, and concerted action through institutional development, offer promise of the feasibility of AM. We shall return to IPM in Section 5 because it seems a particularly interesting case.
In all, AM is a promising idea in a world starved for good news. It is an umbrella that gives added meaning to a number of important intellectual developments in recent years. AM elaborates the observations of the Chilean biologists Maturana and Varela [16] with respect to organisms operating as cognitive systems in their environment. According to the Santiago School of Biology [34] , organisms cannot perceive 'the real world out there'. There is no way by which the external world could be projected onto the nervous systems of organisms, nor do other mechanisms exist by which they could receive objective information. In fact, organisms are 'informationally closed' because the mechanisms in the outside world (e.g. light and sound waves) are totally different from those operating in the nervous systems (neurological processes). However, changes in the outside world can trigger changes in the nervous system. Thus organisms 'bring forth a, not the, world'. But it is not any world. Through their mutual perturbance, organisms and environment maintain vital structural coupling. Hence, organisms must bring forth a world that allows them to engage in effective action in their domain of existence. AM elaborates on these general insights of modern biology for the case of human society and language-based social learning.
A critique
Although generating numerous success stories, the last decade of AM has also given rise to more critical reflections. These might be summarized under the following headings. [35] Politicians and bureaucrats asked to invest in and support AM as experiential learning have become somewhat sceptical. Experiential learning at the scale of major ecosystems such as the Everglades is (very) costly and takes considerable time. The outcomes of such learning are basically 'unfinished' in that they always require further experiments and seldom lead to conclusively cut-and-dried answers that politicians need. They ask, quite reasonably: when does the experimentation provide results that can form the basis of policy formulation? When such results became available, they would still need to be translated from the ecology/society interface into political decisions.
The politicians' dilemma

Unwarranted extension
Emery Roe [7] has pointed to the growing tendency to claim AM as the approach to the management of societal change, rather than as one approach, apt for certain problem situations, but not for all. He identifies four characteristic states, of which only one (the second) would suggest an AM application. Briefly the four states are:
1 Situations in which human activity has a low impact with evolution of environmental quality driven largely still by ecological processes; 2 situations in which environmental change is driven by high impact human activity, which threatens to undermine essential ecological functions and capacity;
3 heavily history-rich, context -laden situations which must be addressed as unique cases;
4 situations already in crisis, in which there is contestation and confrontation over socio-economic and environmental futures.
The challenge then becomes to match the approach to the situation and perhaps also to develop ways in which situation 4 might be modulated into situations 3 and 2.
Scenarios and models as traps
As we said earlier, the interactive use of computer-supported simulation models has become an important and promising tool for AM. However, three problems have emerged with respect to the interactive use of complex simulation models.
In the first place, typically the models are too complex to be easily understood by stakeholders themselves and require highly skilled mediation that does not add to the transparency of the modelling. In this respect, simple models constructed by stakeholders themselves rather than by experts, such as the physical clay models of irrigation schemes used by CARE in Bangladesh, are more effective. In the second place, scientists' tendency to try to develop 'true' models interferes with interactive learning [36] . Thirdly, is has proved hard to translate the understanding gained though modelling into political action. Much work remains to be done in these areas. Interactive tools which allow interrogation of diverse scenarios, gaming simulations that admit the messy human interactions of real life, and multi-agent modelling are three interesting lines of exploration.
Cross-scale problems
Spatial scale issues in AM have begun to yield to innovative mixes of methodology and process. For example, the combined use of participatory resource inventories and maps, global positioning systems technology, and computerbased GIS, allows the visualization of spatial dynamics at various scales, and qualitative assessments of state variables and trend values which are based on local knowledge and which are 'owned' by local stakeholders [37] [38] [39] . Such mixed methodologies allow stakeholders to vision their environment in a systemic way and to become aware how their own immediate surroundings fit into a larger picture that affects other stakeholders. Such methodologies are, therefore, a necessary basis for building platforms for resource use negotiation [40] [41] [42] [43] [44] . Temporal scale problems have proved more intractable. A typical example is provided by intergenerational differences in future equity stakes, as present generations discount the value of a healthy environment for future generations. The articulation of action among different scale levels, and of cascades or pulses of action among nested hierarchies, are proving similarly intractable. Solving problems at one level does not automatically add up to solving problems at another system level with different emergent properties. For example, pushing local advantage might undermine the development of a larger unit, and vice-versa. Similarly, the very fact that simple and innocuous activities at the micro-level might lead to the emergence of complex and undesirable phenomena at the macro-level means that it is difficult to work back convincingly from the macro-to the micro -level. Similarly, it is difficult to demonstrate that desired change at the micro-level leads to desired change at the macro -level. One innovative attempt by Sylvio Funtowicz and his colleagues uses interactive computer models in small groups to create awareness of the larger ecological footprint and the emergent effects of everyday household activities.
Boundary problems
The theory of holarchy [45] implies that AM is possible only within a defined system boundary. There is no objective way to establish boundaries in socio-economies; to the extent that boundaries exist, they do so as a result of historical processes of negotiation and use of power. AM approaches must thus embrace 'soft system thinking [46] and procedures which assist stakeholders in a situation defined by someone as problematic to negotiate the definitions of the boundary they propose to manage adaptively. AM, in fact, is possible only within a boundary, even if that boundary encompasses the entire biosphere. In fact, problems such as the depletion of the ozone layer can only be tackled successfully at the global level. This does not repudiate the need for that boundary to be agreed upon and for concerted action to address the system agreed upon. The theory of holarchy also necessarily assumes that the rate of external change is relatively stable, as is the nature and intensity of change. This may pose a fundamental limitation to the applicability of AM. The mounting evidence from a whole range of measures is that the rate of change in the rate of change is exponential, and that the nature and intensity of change is producing unpleasant surprises.
The feasibility of large-scale concerted action
A key assumption of AM is that social learning will lead to concerted action at the scale of the ecosystem being managed. In the case of such ecosystems as the Everglades or the Baltic Sea, for which it has so far been difficult to establish effective management regimes, this scale is many times larger than the scales at which common property regimes have been successfully established. Common property regimes are those in which stakeholders [47] agree to act in the common interest because institutional arrangements have been created which give confidence that others will reciprocate, especially with respect to taking less from the common pool resource, or giving more to the public good. So far, common property regimes seem to be successful at scales at which personal interaction and inter-subjective agreement are possible. This raises the question whether social learning involving larger ecosystems can be translated into concerted action. Decentralization of AM to area-based or community-based approaches, though advocated by, for example, the eco-regional approach [48] , would run into cross-scale problems mentioned above [49] . As problems of e.g. reducing global warming demonstrate [50] , the need to take large-scale action is not just an abstract problem affecting AM theoretically, but a very real survival problem for humans and most other species with them. The key issue is the willingness of people to adapt their desired lifestyles and economies to agreed-upon outcomes instead of the other way around. Large scale concerted action to regenerate the biosphere is relatively easy wherever it is possible to do so without compromising the socially constructed lifestyles and economies of the time (e.g. agreement on ozone depletion). But the expression of human intentionality, embodied in constructions such as standards of living and lifestyles, seems to be the most intractable problem in achieving a sustainable society. AM so far has not addressed the issue of how human ends can be adapted to ecological means.
Helpful perspectives
This Section reviews important ideas current in studies of learning, adaptation and intelligence. Evolutionary Psychology. Empirical research and theoretical developments have deepened understanding of how 'nurture has nature' [51] . The evolutionary variation, selection, and retention of constrained intelligence in humans are nested in embodied structures with potential for learning. While the specific mechanisms for learning remain unclear, important clarifications are emerging. One is that learning mechanisms function to facilitate goal-directed interactions with the features of the world for which the learning is adaptive, i.e. learning is both the originator and the adaptive solution to the constructed world. Learning always has an adaptive outcome [52] . A second clarification is that biological organisms, including humans, do not have access to an indefinitely large search space or number of search paths. They are constrained by their antecedent evolution and the scope of the senses by which they are structurally coupled to the world [16] . A third clarification is that, since our intelligence is biologically constrained, we can learn about the world only by acting upon it. Thus what we need in AM is an agreed and declared, systematic procedure for socially constructing reality in agreement with empirical adequacy [53] . Fourthly, our evolved minds seem to have an inherited capacity to recognize both physical and social causation [51, pp.186ff.] . Research has so far not searched for evidence of a similar ability with respect to ecological causation. It would seem plausible that the millions of years during which humankind's ancestors depended on their ability to capture opportunity from complex ecosystems, would have led to a human mind with a fine sensitivity to ecological dynamics.
Institutions. Human beings have developed unique additional capacities operative in the social rather than the biological realm. One of these is the creation and use of institutions, which both define the scope for, and constrain, the search space and pathways of goal-directed behaviour [54] . In so far as the effects of human behaviour upon our environment appear to threaten continued human enjoyment of life -giving resources, our behavioural goals must change, and thus also must our institutions be purposefully recreated.
Culture. Another human capacity is culture, here understood as the shared knowledge and beliefs through which we socially construct value and meaning. Our cultural artefacts, too, have causal power: a dollar bill is physically nothing but a piece of printed paper, but the money markets through which it is exchanged decide the quality of life each of us enjoys. In so far as we seek to adapt our culture to be less predatory on our environment, then we must examine afresh the processes by which knowledge and meaning are generated and shared, and the use to which we put our cultural artefacts.
Language. The aspect of language that concerns us here is as a mechanism for bringing forth institutional and cultural change, i.e. its power for communicative action. This concept, invented by Jürgen Habermas [55, 56] , has generated immense hope and optimism because it posits an alternative to the more familiar instrumental action (using physical causation to gain control) and strategic action (using social causation to win). In fact, according to Habermas, communicative action can counter the invasion of the life world by the economic and technical systems we have created, in that human beings can agree to do things differently. In that sense, language can be seen as an artefact for self-willed social causation, a concept not dissimilar to Beck's 'reflexive modernization' [9] .
We believe that, taken together, the emerging perspectives on evolutionary psychology, the biology of the mind, and the role of institutions, culture and language in adapted change, greatly strengthen our ability to design management processes that underpin sustainability. We propose to illustrate this briefly with reference to community integrated pest management (C-IPM) in Asia.
AM in agriculture: a learning perspective
The relentless use of pesticides during Asia's so-called Green Revolution led to resurgence and resistance of the brown planthopper, a small insect that had hitherto caused little damage in the rice crop on which millions of Asians depend. In Indonesia, where cheap rice is an essential ingredient in political survival, the impact of the brown planthopper on rice food security resulted in 1986 in a ban being instigated on 57 broad-spectrum pesticides, even though the élites of the time were involved in the pesticide trade. Somewhat later, subsidies on pesticides that had covered up to 80% of their actual cost were removed. A third measure was the introduction of a countrywide training programme to help farmers apply the principles of IPM. Though IPM usually refers to the integration of mechanical, chemical and biological means of pest control, IPM training uses the following principles: 1) grow a healthy crop; 2) rely on natural enemies as much as possible; 3) the farmer is an expert in managing his/her ecosystem; 4) science linkage.
Indonesia's IPM training programme has been particularly innovative in pioneering an approach to farmer training, the Farmer Field School (FFS), that has become a globally recognized alternative to the transfer-of-technology model that until recently dominated decision-making about investment in, and design of, agricultural extension programmes [57] . Under guidance of the FAO, IPM training programmes are now operative in 12 countries in Asia and in over 20 countries worldwide. We shall briefly describe the FFS and what evolved from it as an illustration of the issues involved in social learning and institutional development in AM. IPM as a whole is illustrative of AM, representing a practical and hope-giving effort to address the challenge posed by the ecologists' observation that: "Success in managing a target variable for sustained production of food or fibre apparently leads to an ultimate pathology of less resilient and more vulnerable eco-systems, more rigid and unresponsive management agencies and more dependent societies." [2, p.29] An FFS offers crop-season long training to groups of, say, 25 farmers based on discovery learning in which the field is the most important site of learning. The FFS is designed to strengthen farmers' capacity to observe, measure, analyse and rely on insect pest/predator dynamics, to understand agroecological principles as a basis for management decisions and to conduct their own systematic experiments. Farmers' experiments and field studies are both a means for learning and for sharing new knowledge. There is by now overwhelming quantitative evidence that the FFS approach leads to reduced pesticide use, increased yield and income, greater management efficiency, and a range of environmental health and food quality benefits [58] [59] [60] [61] .
Experiential training and learning in FFS has also become the foundation for a continuing process of organizational and institutional development centred on 'farmers as experts', shared knowledge development and social learning. An essential ingredient is critical thinking, especially with respect to the continued aggressive efforts of the agrochemical industry to promote pesticides and other chemicals [62] .
Farmer trainers (FTs) from among FFS alumni are today initiating and running the bulk of growing numbers of FFS, supported by specialist field leaders. FTs are developing support networks at inter-village, sub-district and district levels. In July 1999, the first national FT forum in Indonesia was held to discuss ways to share learning and experiences among the decentralized district and sub-district networks. FFS alumni are organizing inter-village and higher-level technical meetings, to share the results of farmer experiments and field studies, and to plan multi-site, multi-season studies of problems they have in common. They are also initiating and running planning meetings which aim to expand the coverage of FFS to other villages and farmers, and to a range of crops and agroecosystem processes in soils and water [63] .
In effect, participatory IPM is maturing into community IPM as a movement which promotes adaptive agroecosystem management based on farmer-led scientific literacy, technology development, adult education, local organization and institutional development [63] In C-IPM one is looking at an approach that does not ask farmers to compromise basic goals (income, profit, yield). However, it reconfigures the search space within which these can be satisfied. Further, it unleashes the power of concerted action to overcome some social dilemmas. In addition, institutional developments appear to be sufficiently plastic to deal with at least some cross-scale tensions related to boundaries and nested hierarchies. The continuing interaction between farmer-environment maintained through experimentation, field studies, and technical meetings, sustains the kind of learning that is at the core of AM.
Conclusion
This article has reviewed AM as a powerful idea that brings together numerous strands of disciplinary theory, research and practice. It consolidates these within a normative framework for the management of complex problem situations, the key concern of our time. Our review, however, suggests there are four areas which merit further theoretical development and experimentation.
The first is lifestyles, better covered by the more general term human intentionality. Of the three essential elements in (collective) cognitive systems, perception, action, and intentionality [11, 16] current •ork in AM, through its focus on social learning for collective action, mainly seems to address the first two while leaving intentionality untouched. This leaves learning vulnerable, for example in the IPM case, to the introduction of substitute 'quick fixes', such as herbal pesticides, which do not necessarily address the principle that 'the farmer is an expert', or the need to bring farmers' and society's objectives in line with ecological imperatives.
The second concerns the point at which learning occurs. The evidence so far suggests that the impact will be greater when learning processes are devolved and dispersed among citizens rather than largely confined to officials, experts, and interest groups.
The third point is the unwarranted limitation of current AM practice to large-scale system management, rather than seeking creative, decentralized opportunities and ways of linking these.
Finally, there remains the challenge of linking understanding of complex anthropogenic change back into feasible political action. Efforts to Improve the Community, Economy and Environment, Greening Australia, Canberra. 49 Common Property Management scholars suggest that it is nevertheless better to manage large scale ecosystems by decentralizing to levels with which human management can cope. They reckon that the chance of success of such decentralized management is better than of attempts to manage large scale ecosystems as wholes. See Ostrom [31] .
